The effect of light and calcium depletion on in vivo protein phosphorylation was tested using dark-grown roots of Merit corn. Light caused rapid and specific promotion of phosphorylation of three polypeptides. Pretreatment of roots with ethylene glycol bis N,NN',N' tetrmacetic acid and A23187 prevented light-induced changes in protein phosphorylation.
Significant advances have been made in our understanding of gravity signal perception and transduction. Recent advances include high resolution analysis of differential growth kinetics (11) and characterization of light-induced changes in protein synthesis and identification ofmRNAs in dark-grown Merit corn (4, 5) . Understanding the sequence of events in the transduction of environmental signals such as gravity remains a subject of fundamental interest to many researchers.
Elucidation of the pathway of signal transduction in plants depends on identification of the rapid responses to a stimulus. Some of the rapid responses to gravity that have been identified to date include amyloplast movement, asymmetries in auxin distribution and electrical potential, and rapid mRNA and protein synthesis (3-5, 13, 14, 16) . In this paper, we report lightinduced rapid changes in protein phosphorylation, and suggest that these changes participate in the development of the gravitropic response.
In animal systems, it is well known that protein phosphorylation plays a key role in signal transduction (2) . Signal reception can trigger changes in protein kinases such as protein kinase C (15, 17, 19) . Furthermore, receptors for a variety of growth factors are themselves protein-tyrosine kinases (22) . In addition, the responsiveness of receptors to a stimulus can be regulated by phosphorylation. In many cases, signal transduction is also mediated by calcium-and calmodulin-dependent protein kinases (16, 22) .
Evidence for stimulus transduction pathways in plants similar to reported in plants (7, 18, 23, 24) , and attempts have been made to isolate plant protein kinases and determine their substrates (6, 7, 19, 20) . Previous work from this laboratory has provided evidence for calcium-and calmodulin-dependent protein phosphorylation in corn roots (18) Separation of Phosphoproteins. After freezing, roots were homogenized, and labeled proteins were separated by two-dimensional gel electrophoresis as described previously (18) . Frozen root tips were homogenized in a mortar and pestle with 4 ml of homogenization buffer (50 mM MES-NaOH, pH 7.0, 10 mM KH2PO4, 1 mM EDTA, 10 mM NaF, 0.5 mM PMSF, and 1 mM DTT) containing 5 gg/ml RNAase I. The homogenate was centrifuged at 10,000g for 10 min. The supernatant was made up to 5 ml with homogenization buffer. DNAase (16) . 45
The light-induced gravitropic response of dark-grown roots of Merit corn has been useful in understanding early events of the gravitropic response (3) (4) (5) . It has been recently shown in our laboratory (5) that calcium depletion in dark-grown Merit corn roots can inhibit gravitropic response. Thus, the rapid changes in protein phosphorylation shown in Figure 1 , are correlated with the responsiveness of roots to gravity. - 
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The calcium-dependent and light-induced increases in protein phosphorylation (Fig. IC) suggests the involvement of calcium in the gravitropic response. Many key regulatory proteins are controlled by calcium-dependent protein phosphorylation (15) , and there are several reports of calcium regulation of protein orylation in kinase activity in plants (15, 19 (15, 19) , while the changes described in this paper were observed within 7 min. Thus, the changes in protein phosphorylation described here are among the most rapid responses observed to date, and are consistent with the idea that protein phosphorylation can play a role in the rapid events of signal transduction.
In addition, the rapid response is significant because it places phosphorylation within the time frame of other rapid responses to gravitropic stimulation. As reported recently by Pickard (13, 14) , rapid responses are those which occur within 10 min (21). Changes which include asymmetrical distributions of calcium, electrical potential, and mRNA synthesis in dark-grown Merit corn roots are known to occur rapidly during gravitropic bending (4, 13, 14) . The light stimulation of protein phosphorylation associated with gravitropic responsiveness reported in this paper suggests that these changes are among the earliest responses to gravitropic stimulation.
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